Axon Outgrowth of Rat Embryonic Hippocampal Neurons in the Presence of an Electric Field.
Application of an electric field (EF) has long been used to induce axon outgrowth following nerve injuries. The response of mammalian neurons (e.g., axon length, axon guidance) from the central nervous system (CNS) to an EF, however, remains unclear, whereas those from amphibian or avian neuron models have been well characterized. Thus, to determine an optimal EF for axon outgrowth of mammalian CNS neurons, we applied a wide range of EF to rat hippocampal neurons. Our results showed that EF with either a high magnitude (100 mV/mm or higher) or long exposure time (10 h or longer) with low magnitude (10-30 mV/mm) caused a neurite collapse and cell death. We also investigated whether neuronal response to an EF is altered depending on the growth stage of neuron cultures by applying 30 mV/mm to cells from 1 to 11 days in vitro (DIV). Neurons showed the turnover of axon outgrowth pattern when electrically stimulated between 4-5 DIV at which point neurons have both axonal and dendritic formation. The findings of this study suggest that the developmental stage of neurons is an important factor to consider when using EF as a potential method for axon regeneration in mammalian CNS neurons.